A novel approach to synthesizing multisubstituted indenes by iron-catalyzed domino reaction of benzylic compounds and alkynes under mild conditions was developed. This system could be applied to various available substrates in a one-step synthetic procedure in moderate to good yields.
The indene core is one of the most important cyclic motifs that are very common in natural products and biologically active compounds. 1 In addition, it has tremendous applications in various research fields including material chemistry, analytical chemistry, and synthetic organic chemistry. 2 Great progress has been made to successfully construct this motif, but traditional methods required expensive and difficult-to-prepare catalysts/reagents, tedious reaction procedures, moreover, it is difficult to directly introduce multifunctional groups into the indene core. 3 Recently, several new approaches 4 to generating indenes from the reaction between carbon-carbon triple bonds and benzyl cation intermediates that are obtained by the use of leaving groups have been developed (Scheme 1, A). In recent years, the direct functionalization of benzylic C(sp 3 )-H bonds has attracted extensive attention in organic synthesis. 5-8 For example, Shi and others 5 have reported the cross-dehydrogenative coupling (CDC) between benzylic C-H bonds and sp 3 , sp 2 , or sp C-H bonds. Direct benzylic C-H amination through various catalytic systems have also been developed. 6 Additionally, the Jiao group 7 demonstrated an iron-catalyzed transformation of benzylic compounds into corresponding amide through C-H and C-C bond cleavage. Among these reactions, iron is a particularly attractive catalyst because of its sustainability, easy availability, low price, and environmentally friendly characteristics. 9 Despite the significant progress that has been achieved in this area, the cyclization reaction is still a relatively unexplored field. Owing to the importance of indene derivatives and the lack of successful direct annulations from benzylic compounds without leaving groups, we initially envisioned a novel and effi-cient way of synthesizing multisubstituted indenes by in situ generated benzyl bromides as benzyl cation precursors in an iron-catalyzed, one-step synthetic procedure (Scheme 1, B).
Scheme 1 Synthesis of indene derivatives
At the outset of our study, diphenylacetylene (1a) and diphenylmethane (2a) were chosen as model substrates to optimize the reaction conditions (Table 1) . Compounds 3aa and 4aa were obtained in 10% and 56% yields, respectively, with FeCl 2 (10 mol%) as the catalyst and DDQ (2.0 equiv) as the oxidant in DCE at 80 °C (Table 1, entry1) . The yield of 3aa increased to 66% when NBS was used as the oxidant, while other oxidants such as NCS, TBHP, and Cu(OAc) 2 showed no effect on the promotion of this domino reaction (Table 1, entries 2-5). Subsequently, a series of solvents (toluene, acetonitrile, nitromethane, and tetrahydrofuran) were also evaluated but they showed disappointing results (Table 1 , entries 6-9). Furthermore, we investigated the reaction using other iron, copper, and zinc salts as catalyst, but no better results were obtained (Table 1, entries 10-14) . It is noteworthy that the amount of NBS had a significant effect on this reaction. Both 1.5 equivalents and 3.0 equivalents of NBS offered the desired product 3aa in a low yield; 2.2 equivalents of NBS were the most effective and resulted in 75% yield (Table 1, entries 15-17) . In addition, the yield was found to decrease with the temperature changed to 60 °C or 120 °C (Table 1, entries 18 and 19) , and only a trace amount of product was observed in the absence of NBS or FeCl 2 . Under the optimized reaction conditions, a series of substituted substrates was investigated to establish the scope and limitations of this process ( showed that substrates with various weakly electron-donating and electron-withdrawing functional groups on either alkynes or benzylic compounds gave the corresponding indenes in moderate to good yields, and other strongly electron-donating and electron-withdrawing substituents gave no desired products probably because of strong electronic effect (Table 2, entries 7, 8, and 17) . The corresponding product 3da was obtained in good yield when the substrate with an ortho-substituted aryl group was employed ( Table 2 , entry 4). Moreover, substrates with different substituents on R 1 and R 2 gave a mixture of regioisomers; due to electronic effects, the ratio of isomers varied from 3.7:1 to 1.3:1 (Table 2 , entries 2, 4, 5; see also the Supporting Information). 4a,b The aliphatic alkynes gave lower but still acceptable yields with perfect regioselectivity (Table 2 , entries 9 and 10). 4a,b When unsymmetric diphenylmethanes were employed, exclusive regioselectivity of indenes were observed ex-cept for 3ab and 3ad ( To gain an insight into the mechanism of the above-mentioned process, the following control experiments were performed. As shown in Scheme 2, (bromometh- (1a) and FeCl 2 were added to the reaction mixture (Scheme 2, B), and 3aa was obtained in 74% yield. On the basis of the above results, a tentative reaction mechanism is illustrated in Scheme 2 (C). Treatment of diphenylmethane (2a) with NBS produces (bromomethylene)dibenzene A. The reaction of iron salt on A can lead to benzylic cation, which regioselectively attacks 1a resulting in the formation of vinyl cation C. Then C undergoes cyclization and subsequent aromatization to provide 4aa. 4a,b,10 Finally, 4aa and a second A react to afford the desired product 3aa. 11 In summary, we have developed a novel iron-catalyzed direct cyclization for the synthesis of multisubstituted indenes with benzylic compounds and alkynes in moderate to good yields. This system could be applied to various available substrates in a one-step synthetic procedure. We believe that this is one of the simplest and most straightforward methods available for the synthesis of indenes to date.
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Scheme 2 A tentative reaction mechanism
